Background: Rasagiline is a monoamine oxidase-B inhibitor used for Parkinson's disease (PD) treatment, but its effectiveness on Chinese patients is unclear. This study aimed to evaluate the efficacy and safety of rasagiline monotherapy in Chinese patients with early PD.
Background
Parkinson's disease (PD) is a progressive neurodegenerative disorder caused by the loss of dopaminergic neurons of the substantia nigra pars compacta, which produces dopaminergic innervations to the striatum [1] . The cardinal features of PD include bradykinesia, muscular rigidity, resting tremor, and postural instability, which lead to disturbances of gait and falls [2] . PD prevalence in China is estimated at 1.7% in individuals aged 65 years or older [3] . A more recent meta-analysis estimated the overall prevalence and annual incidence in China to be 16-440 per 100,000 and 1.5-8.7 per 100,000 people, respectively [4] .
Therapeutic agents for the motor symptoms of PD include levodopa (a precursor in dopamine synthesis), dopamine agonists and inhibitors of monoamine oxidase B (MAO-B), the major enzyme responsible for the oxidative metabolism of dopamine in the human brain. MAO-B inhibitors slow the loss of endogenous dopamine as monotherapy and also reduce the elimination of dopamine produced from levodopa when used as an adjunct therapy with levodopa [5] . Selegiline (or L-deprenyl) [6] is a first generation MAO-B inhibitor currently available in China. It is associated with high incidence of sleep disorder and taking it with a tyramine diet may increase hypertensive reactions [7, 8] .
Rasagiline [N-propargyl-1(R)-aminoidan] is a potent, highly selective, and irreversible inhibitor of MAO-B, and shows good effectiveness for the treatment of PD in the Caucasian population. The clinical efficacy, safety and tolerability of rasagiline administration as monotherapy or adjunct therapy to levodopa have been established in several clinical studies. The TEMPO [9, 10] and ADAGIO [11] studies were randomized, double-blind, placebo-controlled, phase III trials of rasagiline as monotherapy for early PD; both studies demonstrated that rasagiline treatment is associated with lower total Unified Parkinson's Disease Rating Scale (UPDRS) score [10] , less functional decline [9] and reduced deterioration in the change of UPDRS score [11] . Moreover, a post-hoc analysis demonstrated that treatment with 1 mg/day rasagiline maintains motor function at baseline levels for over a year [12] . Nevertheless, current available study data fully support the improvement of rasagiline on motor symptoms of PD, there is still no clear evidence to indicate the effect of rasagiline on slowing the progression of PD [13] .
No studies have specifically examined and manifested the efficacy, tolerability and safety of rasagiline monotherapy in Chinese patients with PD, although the efficacy of rasagiline administration as adjunct therapy to levodopa in this population has been confirmed [14, 15] . Therefore, this randomized, double-blind, parallel, placebo-controlled, fixed-dose study aimed to evaluate the efficacy and safety of rasagiline in Chinese patients with early PD not treated with levodopa.
Materials and methods

Study design and participants
This randomized, double-blind, parallel, placebo-controlled, fixed-dose clinical trial enrolled participants at 15 sites in China (Additional file 1) between March 2012 and December 2013. Subjects were Chinese outpatients with primary diagnosis of idiopathic PD according to established criteria [16] , with at least two cardinal signs of PD without additional known or suspected causes of parkinsonism. All subjects were more than 35 years of age and had a Modified Hoehn and Yahr Staging Scale (HYSS) score less than 3 at screening and baseline. Subjects whose clinical condition at the time of enrollment allows them to stay for 26 weeks on placebo treatment according to the investigator's judgment. The patients had no history or need of anti-Parkinson medications other than anticholinergics. The subjects who have not taken levodopa, dopamine agonists, or amantadine for at least 42 days before enrollment were considered to be recruited into this study.
All procedures were performed with the understanding and written consent of the subjects and with the approval of the institutional review boards at the participating institutes. This trial has been registered in clinicaltrials.gov as NCT01556165.
Study intervention
After a 28-day screening period, the participants were randomized 1:1 to receive 1 mg of rasagiline or placebo once daily for 26 weeks, with a 4-week safety follow-up period. The patients were assigned treatment using a computer-generated randomized allocation schedule (implemented using an interactive voice/web response system; Almac Clinical Technologies, Craigavon, UK) with block randomization (block size of 4). The investigators, site staff and participants were blinded to medication assignment throughout the trial.
Efficacy evaluation
Participants were examined at screening, at baseline, and at 4, 8, 14, 20 and 26 weeks after randomization. At each visit, an experienced and qualified independent investigator assessed patients disease severity using the UPDRS scale, including UPDRS mental, behavior and mood (part I), UPDRS activities of daily living (part II) and UPDRS motor examination (part III) scores [17] . Clinical Global Impressions-Severity (CGI-S) and CGI-Improvement (CGI-I) scales [18] were also used to evaluate disease severity and changes from baseline. Patients who required levodopa or treated with dopamine agonists were withdrawn. The participant's health status was evaluated using Parkinson's Disease Questionnaire (PDQ)-39 [19] and the EuroQol-Five-Dimension (EQ-5D) questionnaire [20] , administered at baseline and 26 weeks, respectively.
The change of UPDRS total score from baseline to the 26 weeks was the primary endpoint. UPDRS parts I, II, and III subscales were used respectively to assess the changes of patients' mental symptoms, activities of daily living, and motor symptoms from baseline to the endpoint. The responder was defined as the patient with a UPDRS total score reduced by > 3 points from baseline to week 26 [9, 10, 21, 22] . Changes of UPDRS subscales, CGI-S, and CGI-I score from baseline to each visit were recorded.
Safety assessment
The participants were followed up until 4 weeks after the completion of the 26-week double-blind treatment. Vital signs and adverse events were monitored throughout the study. Safety assessments were based mainly on the occurrence, frequency, and severity of adverse events (AEs), and also included comprehensive measures such as vital signs, weight, electrocardiographic (ECG), physical examination, neurologic examination, and laboratory parameters. Laboratory assays were performed at Quintiles Medical Research and Development (Beijing) Ltd. (Beijing, China).
Statistical analysis
Data were summarized by treatment group using descriptive techniques. Continuous variables were presented as mean ± standard deviation/standard error of the mean or median (minimum and maximum). Categorical variables were presented as count and percentage.
The primary endpoint was analyzed using an analysis of covariance (ANCOVA) model with treatment and center as fixed factors and baseline UPDRS total score as a covariate. The last observation carried forward (LOCF) method was used to handle missing data. A positive trend is shown if the estimated treatment difference is in favor of rasagiline for a two-sided test at the 25% level of significance. The estimated treatment difference was presented with 95% confidence interval (CI). The efficacy analysis included those patients with baseline data and at least one efficacy evaluation.
Changes from baseline in UPDRS total scores at each visit were analyzed using a mixed-effect models for repeated measures as in the primary efficacy analysis. The remaining UPDRS, CGI-S and CGI-I endpoints were analyzed using the primary endpoint model. For health status analysis, changes in EQ-5D and PDQ-39 scores were analyzed by ANCOVA by the LOCF method. P < 0.05 was considered statistically significant.
Safety was assessed in all randomized patients who received at least one dose of rasagiline by determining the number of AEs, serious AEs (SAEs), treatment-emergent AEs (TEAEs), AEs leading to withdrawal, and deaths in each treatment group.
The sample size was calculated to show significance in the primary efficacy analysis on a two-sided significance level of 0.25. Assuming a difference between rasagiline and placebo was a 3-point change in the UPDRS total score and a standard deviation on the change from baseline was 7 points, a sample size of 60 patients per group will guarantee an 88% probability to show the trend. Therefore, 130 patients were considered sufficient to ensure 120 patients for the primary efficacy analysis. SAS® Version 9.2 (SAS Institute, Cary, NC, USA) was used for all statistical analyses.
Results
Demographic and clinical characteristics of the study participants at baseline
Of the 130 participants who were randomized to receive rasagiline 1 mg/d (n = 65) or placebo (n = 65), finally 127 (rasagiline group, n = 64; placebo group, n = 63) were included in the FAS analysis (Fig. 1) . The demographic and clinical characteristics of patients at baseline included in the final analysis were comparable between the two groups ( Table 1 ). All the patients were Chinese, and the mean age of the subjects was 59 years old. The mean Modified HYSS score was 1.6 ± 0.5 in both groups. No clinically relevant difference was observed in the baseline UPDRS total score between the rasagiline (26.14 ± 1.46) and placebo (28.56 ± 1.93) groups. Only one patient who taking levodopa during the study period was withdrawn due to adverse event.
Primary outcome
Patients with at least one post treatment UPDRS assessment were included in the primary efficacy full analysis set (FAS). After 26 weeks treatment, the adjusted mean changes from baseline in UPDRS total score were − 3.18 ± 0.95 points and − 0.18 ± 0.98 points in the rasagiline (n = 64) and placebo (n = 63) groups, respectively, and the treatment difference was statistically significant (P = 0.025; Table 2 ). Adjusted changes from baseline UPDRS total scores at each visit are shown in Fig. 2 . The mean difference to placebo was statistically significant at weeks 4 and 26, and numerically in favor of rasagiline at the other time points but without statistical difference.
Secondary outcomes
The mean UPDRS part I score increased slightly in the placebo group and improved in the rasagiline group. The mean score increased from 1.51 ± 0.20 points to 1.63 ± 0.23 points in the placebo group, whereas the mean score decreased from 1.58 ± 0.18 points to 1.06 ± 0.16 points in the rasagiline group. The adjusted changes in UPDRS part I scores from baseline to week 26 were significantly different between the rasagiline (− 0.54 ± 0.15) and placebo (0.08 ± 0.15) groups (P = 0.003; Table 2 ). The mean difference to placebo at week 26 was numerically in favor of rasagiline for UPDRS-ADL and UPDRS motor subscales evaluation, but with no statistically significant difference ( Table 2 ).
The proportion of responders was higher in the rasagiline group than in placebo treated patients although without statistically significant difference (79.7% vs. 66.7%, P = 0.051; Table 2 ). The overall status was assessed by the CGI-S and CGI-I scales, the mean of both assessments worsened slightly in the placebo group and the difference was in favor of rasagiline although without statistically significance (Table 2) .
There were no differences between the two groups in PDQ-39 summary index and EQ-5D utility index scores, which deteriorated in both groups (Table 3) . However, EQ-5D visual analog scale (VAS) scores, which reflect the participants' perception of own health status, worsened in the placebo group but improved after rasagiline treatment (Table 3) , indicating a statistically significant difference (P = 0.002).
Safety
The incidences of TEAEs and SAEs leading to withdrawal were slightly lower in the rasagiline group than in placebo treated individuals (Table 4) . SAEs occurred only in the placebo group and were considered unrelated Data are mean ± standard deviation, n (%) or median (minimum, maximum). BMI, body mass index; CGI-S, Clinical Global Impressions Scale-Severity; HYSS, Hoehn and Yahr Staging Scale; MMSE, mini mental state examination; UPDRS, Unified Parkinson's Disease Rating Scale to the investigational product (4 participants had 5 SAEs, including cataract, major depression, road traffic accident, spinal osteoarthritis and thoracic vertebral fracture). TEAEs leading to withdrawal occurred in 5 patients (7.7%) of the placebo group and 3 (4.6%) in the rasagiline group. There were no deaths in either group. AE System Organ Classes with higher incidence rate in treatment arm were nervous system disorders (placebo: 15.4%; rasagiline: 20.0%) and eye disorders (placebo: 1.5%; rasagiline: 3.1%).
In both treatment groups, all mean laboratory test values were within the respective reference ranges at all time-points, and mean changes from baseline were negligible and not clinically relevant. Importantly, there were no major differences between the two groups.
Discussion
The participants in this study were relatively young (mean age 59 years) with slight impairment in motor function, mild disease severity, and good cognitive function. In addition, all participants presented signs and symptoms of PD including tremor, rigidity, and bradykinesia and less than 10% exhibited postural disturbances. These characteristics are comparable with the symptoms observed in early PD patients.
The clinical efficacy, safety, and tolerability of rasagiline have been demonstrated in monotherapy studies of PD patients without treated by any anti-Parkinson medications [9] [10] [11] . This is the first study to investigate the efficacy and safety of rasagiline in early Chinese PD patients. Data are mean ± standard error of the mean or n (%). a Responders with worsening of < 3 points in UPDRS total score. CGI-I, Clinical Global Impressions Scale-Improvement; CGI-S, Clinical Global Impressions ScaleSeverity; CI, confidence interval; UPDRS, Unified Parkinson's Disease Rating Scale In the primary efficacy analysis, the reduction in mean UPDRS total score was significantly greater in the rasagiline group (3.2 points) than in the placebo controls (0.2 points). This difference of 3 points was slightly lower than 4.2 points observed after 26 weeks monotherapy with 1 mg/day rasagiline in Caucasian patients in the TEMPO study [10] but comparable to that reported by the ADAGIO study of Caucasian people (3.01 point difference) but treated with 1 mg/d rasagiline for a longer study period of 36 weeks [11] . Notably, the TEMPO study enrolled patients whose disease severity was Hoehn and Yahr stage 3 or lower, whereas the ADA-GIO study included subjects with stage 2.5 or lower, same as in the current study. Although this study was limited to 26 weeks, a post-hoc analysis of the ADAGIO trial determined that the beneficial effects of rasagiline on UPDRS total score are maintained at 36 and 72 weeks, respectively, with motor function maintained at baseline levels for over a year [12, 23] . Furthermore, a follow-up study to the TEMPO trial found that 46% of patients could remain on rasagiline monotherapy for 2 years, i.e. without addition of other dopaminergic agents, with only 25% of patients progressing to Hoehn and Yahr stage 3 at 5.4 years [22] . Thus, the above findings in Chinese patients with early PD are consistent with those reported for Caucasian patients.
Next, the present study revealed that mental function assessed by the UPDRS I subscale, but not daily activities or motor symptoms assessed by the UPDRS II and III subscales, showed a significant improvement in the rasagiline group at week 26 compared with placebo treated patients. However, it should be noted that numerical values for UPDRS II and UPDRS III were in favor of rasagiline. Furthermore, UPDRS III (motor subscale) showed significantly higher value in the rasagiline group compared with placebo controls, a difference close to reaching statistical significance (P = 0.064). The current data are thus not entirely consistent with previous reports in Caucasian populations. The ADAGIO trial found that compared with placebo, 1 mg/day of rasagiline for 36 weeks resulted in significant improvements in all three UPDRS subscale scores [23] . The TEMPO study also reported significant differences between the rasagiline (1 mg/day) and placebo groups in the motor and activities of daily living subscales of UPDRS, although no difference was found in the mental subscale in contrast to the above results [10] . The lack of significant effects on UPDRS III and UPDRS II in this trial may be due to the small sample size, with this study being underpowered to detect real effects. Furthermore, the UPDRS is a relatively insensitive measure in subjects with early disease and may not capture improvement in motor and activities of daily living especially those manifestations with slight impairment since the average HYSS scores were lower as around 1.6 [24] . Disease severity may have also contributed to the lack of effects on UPDRS III and UPDRS II in this study, since a previous meta-analysis concluded that rasagiline has a greater effect in patients with more severe PD, i.e. individuals showing baseline UPDRS scores ≥27 [21] , whereas the rasagiline group in the present study had a mean baseline UPDRS score of 26.14 ± 1.46. Interestingly, inconsistencies with the assessment of UPDRS total score and Hoehn and Yahr stage were observed in this study with TEMPO and ADAGIO (present study: 26, 1.6; TEMPO: 25, 1.9; ADA-GIO: 20, 1.5). This evaluation discrepancy may also contribute to the slight inconsistency for China study UPDRS subscale assessment with TEMPO and ADA-GIO. However, our study and other previous studies consistently confirm the efficacy of rasagiline monotherapy in early PD patients. The ratio of responders was also higher in the rasagiline group than in the placebo group (borderline significance), as was also reported in the TEMPO study [10] . This study found no significant effect of rasagiline on CGI-S and CGI-I. However, the PRESTO study found an improvement in CGI after treatment for 26 weeks with 1 mg/day rasagiline [25] . The reasons for the apparent discrepancy between this trial and the PRESTO study are unknown, although the subjective nature of the CGI (which results in inconsistency) [26] and the smaller sample size in this study may have been contributing factors by reducing the statistical power.
Rasagiline has been reported to improve non-motor symptoms [23, 27, 28] and the quality of life [29, 30] in patients with PD. In the present work, the participants' self-rated health (EQ-5D VAS) was significantly improved in the rasagiline group compared with placebo treated patients. Although there were no significant differences in any of the PDQ-39 dimensions between the rasagiline and placebo groups, it was evident that the improvements observed after 26 weeks were only in the rasagiline group for cognition, emotional wellbeing and stigma. The TEMPO study observed an improvement of patient's quality of life, as reflected by the PDQUALIF summary score, in individuals treated with rasagiline [10] .
In this study, incidence rates of TEAEs were comparable between the rasagiline and placebo groups, and the majority of TEAEs were mild or moderate. The two TEAEs with an incidence ≥5% in both groups were accidental overdose and PD progression. With regard to tolerability, the proportion of withdrawals in the rasagiline group was low (11%), and there were few withdrawals due to AEs. In addition, there were no clinically relevant changes or differences over time between the two treatment groups in vital signs, weights or electrocardiographic findings.
This study had some limitations. First, the sample size was small, and the study may have been underpowered to detect the actual differences between the rasagiline and placebo groups. Secondly, the study lasted only 26 weeks. Therefore, long-term efficacy and safety of rasagiline in a bigger Chinese populations remain to be established.
Conclusions
In conclusion, 1 mg/day of rasagiline monotherapy for 26 weeks is effective to improve the global health status of Chinese patients with early PD. Furthermore, rasagiline is safe and well tolerated. 
